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AUTO-CONPTQtJRBD BUS NttHHft 



The invention relates to electronic devices and mace specifically to electronic devices 
used within systems conforming to the UN Bub standard. 

5 

Lin Bug is * name given to an Open protocol defined for use in communicating 
between a number of distributed modules. Many applications of the Lin Bus are targeted specifically at 
the automotive Industry 

10 In Lin Bus applications each module contain* an interface dxcuil, usually 

implemented as a single integrated circuit, which interfaces 10 the common signal conductor oz BUS 
and handles the protocols associated with lhc messages and the required responses. 

Each modules in a System has a unique identity ,|p, wiinin the system, which enables 
IS a bus master to communicate with a selected module or a group of modules within the system. 

As originally defined, all fixe modules within a UN Pus system are connected in 
parallel. That is they shar6 a BUS across which all messages and communications ate sent and 
received Each module has & pull up resistor and an active pull down transistor. Message initiation is 
20 asynchronous and message collisions are resolved by arbitration means. Since a pull down or active 
state, will take precedence over a pall up, or recessive scale, any transmitting module seeing an active 
slate when transmitting a recessive state Jknows that another module is transmitting. Under such 
circumstances the module transmitting the active state take* precedence and any other modules must 
cede the bus and ley again later. 

25 

Bach module is assumed to be preconfigured before installation each with its own 

unique ID. 
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Such an assumption places demands on the w&ufactwrorBj Installers and more 
especially on a system repairers to cojrwfly configure my module before installing it Into the system. 
An extension to the system protocol providing thereby a method of configuring a module with an ID 
after installation was proposed and implemented by Bosch and Philips amongst others and has been 
5 favorably received. 

Such an extended system permits modification of the eleotr omc interface. The single 
connection from each module to the BITS is replaced by two connections. The BUS is made 
^continuous at each extended capability module and one connection is made to each side of the 

10 discontinuity. Extended capability modules are thus connected in a. daisy chain configuration whilst 
normal modules are connected to the BUS as before. Each extended capability module maintains 
signal continuity along the BUS but introduces a nominal (ajpprojdmatcly one ohm) series resistance 
per extended capability module. Extended capability modules are manufactured in a non configured 
state but can bs configured after installation. In a non configured stale a module has no IX) and 

IS therefore cannot be selectively communicated with and thus given an ID. To overcome this limitation, 
all im-conflgured extended capability modules respond to a configuration request mess age transmitted 
onto the BUS by a bus master, by turning off their pull down transistors and forcing a current thorough 
their pull up resistor onto the common signal conductor. These forced currents will flow along the 
caramon signal conductor to the bus master which has its pull down transistor turned on. By this means 

20 every im-conggured extended capability module except one will see a voltage across the nominal one 
ohm series resistance Introduced at each extended capability modulo. The exception is the module 
furthest from the master as defined by the daisy chaining connections. This unconfigured extended 
capability module is thus uniquely identified and enables itself for programming of an ID within the 
system. The procedure can be repeated until all ua-coxifigwed extended capability modules arc 

25 configured with an ID. 

Such a scheme has a number of limitations. The normal performance of the bus is 
degraded by the introduction of the series resistances. The series resistance within an extended 
capability module is normally implemented within an integrated circuit ?a4 the tolerance of such 
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resists Is wide. Hie forced current? a& fill Sunk via the bus master, which has maximum Current 
capabilities and a torrent limiting capability defined within the spcdficatioru The value of the forced 
current used to identify and enable one module for configuration muse be Small and carefully selected 
and controlled. The voltages developed across the scries resistor within a module are also small and 
5 must be measured with high accuracy, 

A bettor solution is ne&d&d that can deliver the benefits of simple selection of one of 
a number of an unconfigured extended capability module for configuration whilst imposing the fewest 
repaints on the tolerances of the individual elements Of the implementation of the system and 
10 maintaining compatibility with the tlN bus specification. 

According to a first aspect of the present invention there is provided a rcconflgnrable 
module having means for being* configured with an ZD and also having embedded within it at the 
manufacturing; stage a fixed unique Chip Identification Code, CIN, for use during a configuring 
IS operation. 

According to a second aspect of &e present invention there is provided a UN bus 
system comprising ft plurality of modules linked to a UN bus along which deoronio data or 
instructions can be sent to and from each said module, at least one of said modules being non 
coirJufeured and having no unique identification address associated therewith, said at least one module 

20 having a unique code associated therewith, said system further including configuration means which 
interrogates said modules and delects the unique code of said at east one non configured module and 
transmits a configuration signal to tile tftodub to Configure the module, each said non configured 
module including counter means which is incremented each time a non configured module is 
configured, said counter of each non configured module, once configured, providing a unique code 

25 which is indicative of the position of the module In the system. 

During a configuration sequence the bu& master transmits a configuration request and 
all unconfigured re configurable modules respond by tranArnitting a reply consisting of their ON. The 
usual arbitration scheme will apply, with active states winning over recessive states. One un- 
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configured zecorfigixnible module will thus win the arbitration and become the 'selected device*. The 
selected device only than forces a current through the pull up resistor. Non selected un-configured 
reconfigurable modules will monitor the current through their series resistors co determine that a 
selected device Is responding. Each un-con&gused re configurable module maintains a position counter. 

5 The position counter is incremented each time a selected device responds with a forced current The 
position Counter within any unconfigured reconfigurable module will not be incremented when that 
un-configured extended capability module is itself the selected device. Once an un-configored 
Teconfigorablo module been selected it is no longer considered un-configured and remains 
unresponsive to further configuration requests and with its position counter fixed showing its position 

10 in the daisy chain, Once aU unconfigured extended capability modules have been selected each will 
have a position counter showing a wiqua position for that module within the daisy chain, This unique 
position counter value can be used to select a module and configure it for use in the system, 

The benefits of such an improved system are mar only one modulo is forcing current 
15 at a rime thus simplifying Che task of determining that a current is flowing by reducing the accuracy 
required for the measurement The tolerances of the components arc also less onerous. 

Fig 1 shows a block diagram of a module interface with the series resistance. 
Hg 2 shows a plurality of modules connected to a common signal Hue. 
20 Fig 3 illustrates fho Sequence of determining the positions within a daisy chain 

The MLX90402 is an embodiment of the invention and can be described with 
reference to ihe figures. 

25 Fig 1 shows a block diagram of a module interface with the series resistance. The 

normal L0? bus interface pin is split into a UN_H pin, 101, and a LXNJL pin, 102, connected wjifa a 
resistor Rac, 104, of typically 1 ohm This genables modules to be connected as a daisy chain of sjav? 
nodes on the UN bus. 
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Dnrins ** ^to-configuration procedure the volage across ib» resistor Rac fa 
monitored. This is done by amplifier means, 107. 

On the chip fa also a pull up currmt jcurce lac, 105, which can be activated during 
5 auto-coirfleorafion. Daring normal communication ife current source Is always off and has tef™ 
no influence. This current source has a typical value of 8 mA. 



The UN pun pp resistor, 104, can also be switched off during the imto-configuratioi, 

process. 



10 



15 



20 



25 



Figure 2 shows an Sample of a daisy-chained LIN bus for auto-conflguf aaon. 

The master module, 201, is located at one end of the bus. The modules 1 to n, 
211.21*, arc slave nodes wiih auto-configuration capability. H,* devices are daisy-chaiaed by 
connecting the UN _ H pin., 101, to (he device to (he kit and connecting the LIN L pin, 102, to the 
device to the right. The device n + l, are standard slave modules. They can he connected anywhere 
ontheMNbus. 

On the bus there can be any combination of slaves featuring the auto-configuration 
systm with standard slave nodes. These standard slaves can be pat anywhere on the bus. The baa can 
be a tree structure es far as the slaves wiA aulo-conflgiirarion remain connected in a daisy-chain way. 

The MLX90402 can have following auto-configuration states: 
Unoddressed: the node is nor identified (I.e. the node has not assigned an ID and can thus 
not be accessed ftr normal messages requiring the ID of a node). 
• Selected: the node has becnsclected during the on-going auto-configuration interrogation 
message. U wfll switch to the addressed state at the end of the message. 
Aafr«&*«fr the node has been addressed during the auto-configuration procedure. It ia 
waiting the end of the uino-configuration procedure to get assigned his node ID. 



1i 
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- Idem®** the node has reeled hia proper ID (which is written in ceprom) and can bo 
acc*55$d for all application messages. 

A chip that has never been identified ha* ]©=Q wrftlta in Non Volatile memory 
5 NVM. Such a chip will enter the unaddressed state after power on reset 

A chip that is not in rhe identified state wili enter the unaddressed state after power 

on reset 



at 



10 ***** MIX904Q2 chJ P h ** * **** OK (chip identification number) code built in 

manufectuxe. This code can be any cede, except a code consisting of afl zeros. In practice ihfc code 
consist of data defining batch No, wafer No and die position on the wafer. 

The CINhas a total of 48 hits or 6 bytes of unique code. 

15 

No special hardware is required for the master. Any micro-processor equipped with a 
regular full duple* Uart. appelated with a standard Iin physical interface circuit (such as the TH80S2 
from Mclexfc) can he used. The software running on the master must be able to send the frame items 
(Uan bytes) in a different way than for the regular tomes 

20 

The auio-configuxaiion system makes use of the user defined extended frame 
message Qd 0*3E). The advantages of the usage of the extended We are the following: 

leaves the regular lin identifiera untouched end available. 

25 

The number of bytes free; it can he optimized for each message. 



The byte containing the error flag can be located at the end of the frame, after die 
checksum (to allow for signalling of checksum errors, by the master as well as tho slaves). 
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The first byte of the extended frame is sent by the master and identifies one of the 
configuration frames (the following bytes depend On the function): 



Id 


First byte 


Function 


Following by tes 


Last bytes 


0x3E 


mi mi 


UAD 


2 data bytes 


checksum 


0x3E 


1111 1110 


INT 


ON: 


Checksum & flags 


OxSE 


11111101 


EDS 


ECU address by te. 


Checksum & Flags 


0X3E 


mi ugo 


FRQ 


See 


Error! checksum 



Reference source not found.. 
Ox3E 11110--- Reserved forfrtere use 

5 

UAD: nn-ad dress ell auto-conS guradon slaves 

The UAD message Is a tegular message with data sent by the master When me 
master initiate* the UaD command all auto-configuration slaves itsci (heir node identifier ID to 0 and 
10 set their internal counter PosCm to 1 

Hie result is thai all slaves are now in the unaddressed state. 

The bus is now ready to start the auto-configuration process. 

15 

INT: interrogate all auto-cpiuiguxation slaves 



20 



The 2N7 message is an extended message containing & bytes of data, men the 
master initiates this command! it is processed by all auto-configuration slaves who are in the 
unaddressed or addressed state. 
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During the AMI 6 bytes (Data 0 - 5), all unaddressed slaves send their CD4 code in an 
titration iashton: if a ^ve d ra a dominant lave, while hying «> tmnsn* , Mve levrf> fc 

100565 ari,itratton ani swilchc3 * a level for the remaining of the C04 code transmit 

During the^e bytes to n^,,, ^ Knd a data byte OxFF (ell to MHala ^ Moitrtt|am 

At the end of the CUT code transmission one and only one slave win have succeeded 
in transmit^ hi* foU ClN code and tore «ognfa« i«a,f as ^d. Tins slave win bansmit the 
checksum * re^lt in a correct message f6r standard ^ 

Tms selected slave will switch to die addressed *» « tte tad rf to (jf |be 

transmission and the error flag are coned). 

Burin* the next byte (»«a «), the master sends 8 dominant bits, wnfle all auto- 
configuration ^ off to ^ Dp 

- During th* first 4 bite all auhMx.nfiguration slaves in the unad&essed state will calibrate on the bus. 
Hds means that the voltage across the rcriaior Rap fc amplified and measure by the ADC This will he 
used as a reference voltage during the oe*t 4 bits. 

- During the second 4 bhs the selected slave will enable it, current source lac and all addressed and 
uaaddressed slaves will monitor the voltage drop ecr M8 their resistor Rac. If the voltage threshold is 
exceeded 0.e. me chip detects a current lac), the slave will increment his internal counter PcsCat, 

During the lest Byte (Data 7) all unaddressed slaves send a dominant bit followed by 
a recessive bit (to addressed slaves and the selected davo do nothing). He master also sends a 0*FF 
byte to Mtim the response from the slaves. Ttos is tt» 'More' flag, ft indicates that at least 1 sieve is 
still in the un ad dressed state. 



Ths remaining $ bils can be used to signal an error flag (a slave disagreeing with the 
configuration sequence sends 1 dominant bit followed by 5 recessive bits). 
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10 



15 



20 



25 



The message is completed by the selected slave sending the checksum. In case no 
slave responds (ON is &lly receive), the master must scud the corresponding checksum to soil save 
a correct message. 

At the end the selected slave switches id the addressedetateif there was no cror flag. 
If an error has been indicated the slave switches back to the or, addressed state. 

The master wfli repeat this interrogation message until no configurable slaves arc in 
the unaddressed state, i.e. until the 'More' flag is not returned. 



The configuration is completed correctly if; 
All checksums were correct 
No 'all recessive CIN code* was received. 
No error flag was received. 

Tie 'More' flag was transmitted correctly (for all messages but the last one). 

Figure 3 shows an example of the sequence of oris bus configuration. The bus 
consists of a master node, 5 slave nodes with amo-conffcwatlon feature, and 3 standard slave nodus. 

Tne sequence of selection of the slave nodes depend on their CIN code; as an 
example a select sequence is chosen in the figure. Based on Ons sequence the value or the position 
counter (PosCnt) is shown after each auto-configuration cycle. 

Slaves numbered 4, 5 and 8 are standard Lin nodes. 

"When the configuration process is completed, the internal counter PesCa of each 
slave contains Its position in the daisy chain. This value, the ECU address, is he used to configure the 
modules to suit the application. 



26. NOV. 2002 19:34 £ £ NO. 2146 P. 14 

10 

Iiis of course to be understood that the invention is not intended to be restricted to 
the details of the above Embodiment which is described by way of example only. 

Hie CIN code (wMch is in eeprom) can also be replaced by a random generated code 
5 of x bite. The random generator on chip. The right value f or x is calculated to minimize the risk of 
having identical codes. 

In case of identical codes, this does not need TO be a problem for example if 2 slaves 
have identical codes, both are selected and they wfll both activate their current course. In this situation 
10 there am 2 possibilities; 

- The selected slave closest to the master wjU| also detect a current flowing through its 
resistor and therefore this slave win recognise that it is not the only slave and wDI react q& if not 
selected* 

15 - An error flag can be generated by the master or the selected slave closest to the 

master and restart the procedure. 

The advantage of this alternative is that there is no need for non volatile memory on 
the chip since the configuration system can be inn on power every time. 

20 
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